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1
RETROFITTING A VEHICLE DRIVE TRAIN

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
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Oct. 22, 2013, which claims benefit of priority dates of U.S.
patent application Ser. No. 12/060,368, filed Apr. 1, 2008;
PCT patent application no. PCT/US2008/072672, filed Aug.
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cation Ser. No. 61/242.370, filed Sep. 14, 2009, This appli-
cation also hereby incorporates by reference herein U.S.
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U.S. provisional patent application Ser. No. 60/909,748,
filed Apr. 3, 2007; and U.S. patent application Ser. No.
11/558,786, filed Nov. 10, 2006.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a block diagram of a vehicle retrofitted
to provide anti-idling and/or cabin comfort features, accord-
ing to embodiments of the invention.

FIG. 2 illustrates an arrangement of components that
facilitates retrofitting a vehicle, according to embodiments
of the invention.

FIG. 3 illustrates certain aspects of retrofitting a vehicle
that utilizes the arrangement of FIG. 2, according to embodi-
ments of the invention.

FIG. 4A illustrates general aspects of retrofitting a
vehicle, according to embodiments of the invention.

FIG. 4B illustrates certain aspects of retrofitting a vehicle
for anti-idling features, according to embodiments of the
invention.

FIG. 4C illustrates certain battery recharging related
aspects of retrofitting a vehicle for anti-idling, and/or cabin
comfort features, according to embodiments of the inven-
tion.

FIG. 4D illustrates battery recharging related aspects of
retrofitting a vehicle for cabin comfort features, according to
embodiments of the invention.

FIG. 4E illustrates cabin comfort and battery recharging
aspects of retrofitting, according to embodiments of the
invention.

FIG. 4F illustrates certain cruise control related aspects of
retrofitting a vehicle for anti-idling and/or cabin comfort
features, according to embodiments of the invention.

FIG. 4G illustrates certain radiator fan control related
aspects of retrofitting a vehicle for anti-idling and/or cabin
comfort features, according to embodiments of the inven-
tion.

FIG. 5A illustrates an arrangement of an internal, com-
bustion engine block and auxiliary devices.

FIG. 5B illustrates an arrangement of an internal com-
bustion, engine block, and auxiliary devices, according to
embodiments of the invention.

FIG. 5C illustrates an arrangement of an internal com-
bustion engine block and auxiliary devices, according to
embodiments of the invention.

FIG. 5D illustrates an arrangement of an internal com-
bustion engine block and auxiliary devices, according to
embodiments of the invention.

FIG. 6A illustrates general aspects of a vehicle with
anti-idling features, according to embodiments of the inven-
tion.
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FIG. 6B illustrates certain aspects of a vehicle with
anti-idling features, according to embodiments of the inven-
tion.

FIG. 6C illustrates certain battery recharging related
aspects of a vehicle with anti-idling features, and/or cabin
comfort features, according to embodiments of the inven-
tion.

FIG. 6D illustrates battery recharging related aspects for
cabin comfort for a vehicle with anti-idling features, accord-
ing to embodiments of the invention.

FIG. 6E illustrates cabin comfort and battery recharging
aspects for a vehicle with anti-idling features, according to
embodiments of the invention.

FIG. 6F illustrates certain cruise control related aspects of
anti-idling and/or cabin comfort features for a vehicle with
anti-idling features, according to embodiments of the inven-
tion.

FIG. 6G illustrates certain radiator fan control related,
aspects of anti-idling and/or cabin comfort features for a
vehicle with, anti-idling features, according to embodiments
of the invention.

FIG. 7 illustrates a computer system for controlling a
vehicle, according to embodiments of the invention.

DETAILED DESCRIPTION

Referring now to FIG. 1, in a vehicle 100, original driver
arrangements 110 for auxiliary devices 120 may be replaced
with electrical drivers 130. (Auxiliary devices 120 may also
be referred to as “parasite” or “parasitic” loads.) This may
include installing electric drivers 130 for auxiliary devices
120, which include a radiator fan 121, an air-conditioning
coolant compressor 122, a power steering pump 124, and an
air compressor 126 for brakes, according to embodiments of
the present invention. In an alternative, this may also include
other auxiliary devices, including a fuel pump and an engine
coolant pump (not shown). Typical original driver arrange-
ments 110 for these auxiliary devices 120 may include belt
drives that couple fan 121, air-conditioning coolant com-
pressor 122, and power steering pump 124 to a crankshaft of
internal combustion engine (“ICE”) 150, and a Bendix gear
that couples air compressor 126 to engine 150.

Herein, the term “auxiliary system” refers to a system on
the vehicle other than the internal combustion engine and the
drive train. For example, auxiliary systems include systems
for braking, steering, engine cooling, engine or drive train
lubrication, heating, ventilating, cooling, lighting, sounding
a horn, data

acquisition, global positioning, etc. The “vehicle” may be
or include a trailer. As the term is used herein, an “auxiliary
device” is an apparatus that enables operation of an auxiliary
system, which may include, for example, controlling, sup-
plying feed for, or otherwise driving, an auxiliary system
process, providing power of power conversion for an aux-
iliary system, providing data, providing user input and/or
output, etc.

Electric generator 160 may he added to maintain an added
battery 165 electrically charged and to supply additional
electrical drivers 130 and the existing lower voltage DC
system 145. (It should be understood that while device 160
is referred to herein in various ways, it may be a motor,
generator, or motor/generator (“SM/G”), regardless of
whether referred to herein as one or the other.) In embodi-
ments of the invention, original equipment manufacturer
(“OEM”) alternator in 12 volt DC (“VDC”) system 145 may
be removed. In such embodiments, a combination of gen-
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erator 160 and battery 165 has sufficient capacity to supply
electrical drivers 130 and system 145, including its starter.

Added battery 165 may be connected to a control device
170, where device 170 is added to vehicle 100 and con-
nected to generator 160 to supply and control drivers 130
and to convert the voltage of battery 165 to a lower voltage
for supplying OEM low voltage DC system 145, which may
include a battery and starter. Control device 170 and battery
165 may be configured to supply electric drivers 130 for
auxiliary devices 120, as well as the OEM low voltage DC
system 145, in embodiments of the invention, battery 165 is
a 12.9 KWH, 200 to 450 volt DC, lithium-ion battery, and
electric drivers 130 are 240 volt, 3 phase AC, ranging in size
from 3 to 6 HP.

More specifically, control device 170 may include a
converter 172 (also referred to as a “battery charger”) for
converting AC voltage produced by engine 150 driven
generator 160 to charge battery 165 and to charge the low
voltage system 145 battery at its lower operative voltage and
operate low voltage system 145 starter. In some embodi-
ments and operating circumstances, converter 172 may
convert the voltage supplied by battery 165 in order to
supply system 145 and operate motor generator 160 as a
starter motor, as a traction motor, or to propel, vehicle 100
via power exchange unit (“PXU”) 156, which may be
coupled to transmission 154 via power takeoff (“PTO”) port
154P.

In some operating circumstances, converter 172 may
convert voltage supplied by battery 165 to energize control-
ler/driver 176. Generator 160 may also energize motor
controller/driver 176, which energizes and controls electric
drivers 130. Controller/driver 176 may provide variable
frequency drives and control, according to embodiments.

In embodiments of the invention, OEM vehicle low
voltage DC system 145 starters may be retained, as
described above. In other embodiments of the invention, the
starter may be replaced with a new starter, in yet other
embodiments of the invention, the added generator 160 may
be a motor generator and may have sufficient starting torque
such that motor generator 160 may be arranged in a con-
figuration to start the vehicle’s engine 150, instead of
starting engine ISO via an OEM vehicle starter of system
145. In these embodiments, the OEM vehicle starter in
system 145 may be removed.

Since OEM air compressor 126 is driven by an electric
driver 136, rather than by an OEM Bendix gear (part of
OEM drive arrangement 110), OEM air compressor 126
may be relocated, and added generator 160 may be mounted
in the location where OEM air compressor 126 was previ-
ously installed. In an arrangement, OEM air compressor 126
may he relocated to a rack under the rails of the frame of
vehicle 100 or to a location behind the cab.

Added generator (or motor/generator) 160 may be driven
by internal combustion engine 150. Specifically, in embodi-
ments, generator or motor generator 160 may be coupled to
engine 150 via transmission 154, such as via a PXU 156
through power takeoff port 154P of transmission 154. In
embodiments of the invention, transmission 154 may be a
manual transmission. In embodiments, vehicle 100 has no
automatic transmission.

According to described arrangements herein, engine 150
charges battery 165 via generator 160, wherein the combi-
nation of charged battery 165, control device 170, and
drivers 130 enable maintaining vehicle 100 safety and
comfort, e.g., operation of brakes, steering, and air-condi-
tioning, even during intervals when, control device 170
shuts down, engine 150, winch, may include rest stops,
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delivery stops, stops in staging areas, and traffic stops, such
as at traffic stops for traffic lights or in traffic jams. This
facilitates compliance with anti-idling restrictions and is in
contrast to well-known arrangements in which auxiliary
power units are used to supply power to auxiliary devices for
anti-idling stops and auxiliary air-conditioners are used for
cabin comfort.

In some embodiments described herein and in one or
more of the above referenced patent applications, an electric
traction motor generator is provided that is coupled to the
engine via a power exchange unit through a power takeoff
port on a manual transmission. These embodiments and
others include a generator or motor generator 160 driven by
engine 150 for recharging battery 165. In some applications
of some embodiments the vehicle does not necessarily
operate for extended intervals in an only-electric-traction
mode, such as for long hauls at high speeds, for example.
Also, in some embodiments of the present invention, device
160 is a generator and not a motor, such that in those
embodiments vehicle 100 does not have an electric traction
motor and, correspondingly, has no electrical propulsion
mode of operation (i.e., no “electric traction” mode). Also,
in some embodiments, device 160 is coupled to engine 150
without interposing clutch 153. In spite of these and other
variations, unexpected advantages of embodiments of the
present invention have been discovered.

That is, the retrofitting of a vehicle 100 as described
herein, including an addition of electric drivers 130, gen-
erator or motor generator 160, battery 165, and controller/
converter 170, may provide economical and efficient ICE
150 shut off in lieu of idling and cabin air conditioning
during ICE 150 shut off, which may include air conditioning
even for extended rest stops. As previously disclosed, this
arrangement is in contrast to the well-known use of auxiliary
power units and auxiliary air-conditioners. By design and
testing, it has been discovered that the retrofitting of a
vehicle 100 as described herein improves auxiliary device
efficiency, which results in corresponding fuel savings, and
that the functionality of the retrofit arrangement exceeds
conventional expectations. Indeed, contrary to conventional
wisdom, the efficiency improvement is of such an amount as
to realize a return on the investment for retrofitting the
vehicle 100 within a reasonable time period, even for
embodiments of the invention wherein battery 165 is large
enough to enable extended air-conditioned rest stops for
long-haul vehicles.

For a vehicle 100 as described herein, most especially in
embodiments in which generator 160 is coupled to drive
train 102 via transmission 154 through power take off port
154P, but also in other embodiments to some extent, regen-
erative braking features may apply that were disclosed in the
earlier cross-referenced and incorporated patent applica-
tions. These may include control of regenerative braking
responsive to an accelerator pedal and a shift lever button,
which may be among operator actuated devices (“Op. Dev.”)
155.

In FIG. 1, other optional operator actuated devices 155 are
shown, as well, including a handbrake, brake pedal, clutch
pedal, shift lever, and a creep switch. FIG. 1 also shows
optional sensors 157, including sensors that detect actuation
of some of operator actuated devices 155, namely the
steering wheel, handbrake, brake pedal, clutch pedal, shift
lever, shift lever button, creep switch, and sensors that
indicate position of others, including the accelerator pedal
and steering wheel. For the accelerator pedal, one or more
sensors 157 may provide one or more signals proportional to
pedal position and rate of movement, in various embodi-
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ments of the invention. For the steering wheel, one or more
sensors 157 may provide one or more signals indicating
position limits, movement, direction of movement, and rate
of movement, in various embodiments of the invention.
Sensors 15 may also include engine temperature, ambient air
temperature, air brake pressure, and battery 165 state of
charge.

Other hybrid vehicles trigger regenerative braking
responsive to the brake pedal being depressed. One or more
of the above referenced and incorporated U.S. patent appli-
cations disclose switching between an electric traction mode
and an ICE mode, in an over-the-road context described
herein, a focus is the ICE mode of operation with at least
some electrified parasite loads, anti-idling features, and
cabin comfort features for rest stops. However, aspects of
the same control arrangement regarding regenerative brak-
ing responsive to the accelerator pedal generally apply in the
present context in similar fashion as described in the one or
more referenced and incorporated U.S. patent applications.

It should be appreciated, of course, that regenerative
braking has an impact on economic feasibility and hence
usefulness, since it allows energy to be recaptured that
would otherwise be wasted. Regenerative braking tends to
enable the use of a smaller, cheaper, more lightweight
battery 165 for a given vehicle duty cycle. The above
explanation should not be taken to imply that the arrange-
ments described herein cannot all be adapted to enable some
regenerative braking. However, it may be understood from
the above that some arrangements described herein tend to
intuitively seem impractical, because motor generator 160 is
not operated and is not coupled to the drive train in a manner
that greatly facilitates extended intervals of more neatly
optimal regenerative braking, e.g., regenerative braking with
generator 160 decoupled from ICE 150.

In another arrangement, instead of installing generator
160 at a different location, OEM alternator 142 is replaced
with a larger alternator. However, in such a configuration,
there may not be enough space in the engine 150 compart-
ment, at the location of the OEM alternator, and frictional
losses through the belt driver arrangement 110 for OEM
alternator 142 may be an issue. In another arrangement, the
OEM starter of system 145 is replaced with a motor gen-
erator. However, an OEM gear that couples the starter of
system 145 to engine 150 may not be rated for continuous
duty.

Referring now to FIG. 2 along with FIG. 1, in embodi-
ments of the invention, not only are drive arrangements 110
for auxiliary devices 120 replaced by electric drivers 130,
but OEM devices 120, i.e., fan 121, air-conditioning coolant
compressor 122, power steering pump 124, and air com-
pressor 126 for brakes, for example, may be replaced with
higher efficiency driven devices 220, e.g., fan 221, air-
conditioning coolant compressor 222, power steering pump
224, and air compressor 226 for brakes. Furthermore, in
embodiments of the invention, some of electric drivers 130
and driven devices 220 may be provided in a preassembled
arrangement prior to being retrofitted to vehicle 100, i.e.,
mounted in container/box 231 with mechanical couplings
230 of respective drivers 130 and respective driven devices
220 pre-coupled. In this manner, retrofitting vehicle 100 may
include removing drive arrangements 110 and driven
devices 120 and mounting container 231, which has electric
drivers 130 and driven, devices 220 pre-mounted therein.

As disclosed herein, in one or more embodiments of the
present invention, one or more of original fan 121, com-
pressor 122, pump 124, and compressor 126 may be
replaced by corresponding one or more of tan 221, com-
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pressor 222, pump 224, and compressor 226. Consequently,
depictions and references throughout, the present, patent
application herein to loads 120, fan 121, compressor 122,
pump 124, and compressor 126 may also apply to loads 220,
fan 221, compressor 222, pump 224, and compressor 226.

In embodiments, devices 220 may be pre-piped to inlets/
outlets 228 formed in container 231 and drivers 130 may be
electrically pre-connected to one or more terminal strips 229
mounted on container 231, Then, once container 231 is
mounted, mechanical piping is installed from inlets/outlets
228 to existing inlets/outlets for OEM devices 120 (either at
fluid, coolant, and air connecting points at devices 120, or at
connecting points at existing devices that originally supplied
fluid, coolant, and air to devices 120, or at existing devices
that originally received fluid, coolant, and air from devices
120) and electrical connections may be made from terminal
strip(s) 229 to control device 170. (Herein, the term “pipe”
or “piping” includes pipe and tubing, both flexible and
rigid.) In this manner, drivers 130 and driven devices 220
may be more quickly and efficiently added to vehicle 100 in
a retrofitting operation.

Referring now to FIG. 3, a flow chart is shown for a
method of retrofitting a vehicle. (The actions shown do not
necessarily have to be performed in the sequence indicated.)
Electric, drivers and driven devices may be mounted 302 in
a container with mechanical couplings of respective drivers,
and respective driven devices pre-coupled to the drivers and
driven devices prior to retrofitting electric drivers and driven
devices to the vehicle. Driven devices in the container may
be piped 304 to inlets and outlets in the container before
retrofitting electric drivers and driven devices to the vehicle.
Drivers in the container may be electrically connected 306
to one or more terminal strips mounted on the container
before retrofitting electric drivers and driven devices to the
vehicle.

Drive arrangements and driven devices pre-existing on
the vehicle may be removed 308. The container is mounted
310 on the vehicle. Piping may be installed 312 from
inlets/outlets to existing inlets/outlets for OEM devices
(either at fluid, coolant, and air connecting points at devices,
or at connecting points at existing devices that originally
supplied fluid, coolant, and air to original devices, or at
existing devices that originally received fluid, coolant and
air front original devices). Electrical connections may be
made 314 from terminal strip(s) to a controller added to the
vehicle.

As described above, retrofit drivers and driven devices
may be more quickly and efficiently added to the vehicle in
a retrofitting operation, and existing drive arrangements for
auxiliary devices of the vehicle may be replaced with
electric drivers in the container. Likewise, pre-existing
driven devices for the auxiliary devices may be replaced
with driven devices in the container, which may be adapted
for the electrical drivers. Replacing the drive arrangements
for auxiliary devices with electric drivers may include
replacing drive arrangements for air-conditioning, power
steering, and air brake auxiliary devices. Replacing driven
devices for the auxiliary devices may include replacing as
air-conditioning coolant compressor, a power steering
pump, and an air compressor for brakes. The replacing of
driven devices may include replacing driven devices with
higher efficiency driven devices.

In one or more embodiments, electrical components may
not be integrated or installed on the vehicle in the usual
positions. Instead, they may be housed in a single container,
which may include batteries 165 (FIG. 1) and/or controller/
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converter 170 (FIG. 1), Thus, most, if not all, of the entire
retrofit system may be easily removed, such as in the event
of repossession.

Referring now to FIG. 5A, engine block 510 is shown for
ICE 150 of FIG. 1 with a pulley 505 for radiator fan 121 and
a pulley 525 for air-conditioning compressor 122. A crank-
shaft 518 of engine block 510 has one or more pulleys 520
driving parasite loads via their respective pulleys, such as
pulley 505 for radiator fan 121 and pulley 525 for air-
conditioning compressor 122. A Bendix gear 510 coupled to
crankshaft 518 engages a gear 515 of air brake compressor
126.

In FIG. 5B, a pancake motor 131 may be added to drive
radiator fan 121 and may be located between fan 121 and the
internal combustion engine block 510, according to embodi-
ments of the present invention. Alternatively, radiator fan
121 is driven by a motor 131 via a belt 535 drive, in which
case fan motor driver 131 may be located in the space where
the OEM air-conditioning compressor 122 (FIG. 1) was
located in FIG. 5C. In an embodiment, as shown in FIG. 5D,
generator 360 is coupled to Bendix gear 510, by which ICE
150 conventionally drove air brake compressor 126, in
which case generator 160 may be located near where OEM
air brake compressor 126 (FIG. 1) was located.

Alternatively, in FIG. 5B, generator 160 may be driven by
a cog belt 530 connected to one of the pulleys 520 of internal
combustion engine crankshaft 518, in which ease generator
160 may be located where air-conditioning compressor 122
was previously located. As described in cross-referenced
and incorporated U.S. patent application Ser. No. 11/558,
786, tiled Nov. 10, 2006, PCT patent application No. PCT/
US08/72672, filed Aug. 8, 2008, U.S. provisional patent
application Ser. No. 61/224,611, filed Jul. 10, 2009, and U.S.
provisional patent application Ser. No. 61/242,370, filed
Sep. 14, 2009, noted previously, generator 160 may be
coupled to the drive train via a PXU 156 (FIG. 1) through
a power take off port 154P (FIG. 1) of manual transmission
154 (FIG. 1) input. This transmission-coupled arrangement
has advantages in that it implements a mode of operation in
which there is more substantial recharging of battery 165 via
generator 160 operating as a regenerative braking load, i.e.,
a mode wherein clutch. 153 (FIG. 1) disengages generator
160 from ICE 150 (FIG. 1), so that ICE 150 is not involved
in braking.

For a vehicle with electric drivers for parasite loads, it
may be very important to have optimal battery charging
capability, which may include regenerative braking, in one
or more embodiments of the invention.

Such arrangement(s) provide fuel savings due to
increased, efficiency of parasite loads. This is because, in
embodiments, the drivers may be all “on demand,” wherein
they may be turned off when there is no demand for the feed
they supply, or when there is no demand and it is expected
they may be not needed soon. This is in contrast to the
arrangement of at least some of the original equipment
drivers. For example, in ah OEM arrangement for a power
steering pump and an air brake compressor, the pomp and
the compressor may be driven regardless of whether there is
a demand for increased steering fluid pressure or brake air
pressure. In embodiments of the present invention, mechani-
cal drive arrangement 110 may be replaced by electric
motors 134 and 136 for power steering pump 124 and air
brake compressor 126. Electric motors 134 and 136 may be
controlled by controller 176, which turns them on and off
according to demand, as indicated by one or more sensors

10

15

20

25

30

35

40

45

50

55

60

65

8

157, e.g., pressure sensor for air brake compressor 126,
and/or steering wheel limit or position or motion sensor for
power steering pump 124.

The driven devices in embodiments of the present inven-
tion may also be more efficient due to variable speed control
This is also in contrast to the arrangement of original
equipment parasite loads that are driven by the ICE, since
the speed of the ICE is determined by operating require-
ments other than speed requirements of the parasite load
drivers. Consequently, the driven devices for ICE-driven
parasite loads must provide adequate supply regardless of
the speed at which the ICE happens to operate. This tends to
lead to driven devices that are sized to provide adequate
supply at ICE idle speed, e.g., around 500 RPM. Thus, at
higher speeds, the driven devices tend to be oversized. For
example, fan 121 and driver 131 must be of a size to provide
sufficient air How to cool engine 150 under worst-ease
conditions, e.g., the vehicle is idling at around 400-500 RPM
and stationary on a hot day. Since an original equipment fan
driver is not variable speed controlled, this ordinarily results
in excess air flow under less demanding conditions, such as
when conditions are cooler, e.g., the ICE is at higher speed
and the vehicle is not stationary so that air is forced through
the radiator not only by the radiator fan, but also by the
motion of the vehicle.

In embodiments of the present invention as shown in
FIGS. 1 and 2, particular efficiency improvements may be
provided by replacing original radiator fan driver arrange-
ment 110 with electric driver 131 and new fan 221. Accord-
ing to embodiments of the present invention, controller 176
may be configured to control driver 131 at multiple speeds,
which may include providing a variable frequency output In
this way, control device 170, including controller 176 and
VCM 180, may control air flow according to demand by
varying the speed of radiator fan motor 131. In embodi-
ments, this is done by VCM 180 signaling controller 176
responsive to an ICE 150 temperature signal received by
VCM 180 from a temperature sensor 157, which may be in
ICE 150 engine block, or may be external to ICE 150 engine
block, such as in a water or vapor line, which may be
between the engine 150 block and radiator. In this way,
lower air flow may be provided when less cooling is needed,
which results in reduced energy consumption by the lan
driver while still providing sufficient air flow to accomplish
adequate engine cooling.

Further, the speed range of electric driver 131 and fen
blades of new fan 221 may be configured

differently to provide a still further range of air flow
turndown and energy savings. Original fen blade pitch is
steep and the blade contour is extremely cupped in order to
provide sufficient air flow to cool engine 150 with fen 121
running at around 400-500 RPM and vehicle 100 stationary
on a hot day. Consequently, the original fan consumes as
much as 30 HP with vehicle 100 stationary. In embodiments
of the present invention, the fan blades of the new fan may
be configured with less steep pitch and a flat, or more nearly
flat, contour. For example, embodiments of the invention
may include a Multi-Wing Optimizer 32/7-7/25°/PAG/5ZL/
P-13/4/BR fan assembly, which has a 25 degree blade pitch,
7 blades, and 32 inch impeller diameter. Further, electric
driver 131 of new fan 221 may be configured to operate
continuously at a higher speed than the speed ICE 150 drives
original fan 121. For example, electric driver 131 may
operate fan 221 at speeds up to at least 1600 RPM, and in
some instances 2200 RPM. Testing has confirmed that with
this configuration, driver 131 may be as small as 3 HP and
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still provide adequate air flow for embodiments and appli-
cations of the present invention.

FIGS. 4A-40 herein below describe certain aspects of
retrofitting a vehicle, such as vehicle 100, whereas FIGS.
6A-6G describe certain aspects of operating a retrofitted
vehicle. It should be understood that variations in. retrofit-
ting configuration described in FIGS. 4A-4G may be imple-
mented as variations In vehicle operations and, conversely,
variations in vehicle operation described in FIGS. 6A-6G
may be implemented as variations in retrofitting configura-
tion.

Referring now to FIG. 4A, a flow chart illustrates certain
aspects of retrofitting a vehicle for anti-idling a and/or cabin
comfort features, according to embodiments of the present
invention. (The actions shown do not necessarily have to be
performed in the sequence indicated.) Retrofitting the
vehicle may include installing 4A02 a battery and installing
4A04 auxiliary devices for operating the vehicle, including
a coolant compressor for air-conditioning and a fen for
cooling a radiator. Further, retrofit electric drivers may be
installed 4A06 for the auxiliary devices. The vehicle has an
internal combustion engine coupled to a drive train for
propelling the vehicle. For the auxiliary devices driven by
the retrofit electric drivers, the retrofitting may include
removing 4A08 corresponding auxiliary devices that were
mechanically driven by the internal combustion engine.

A converter is installed 4A10, such that, the electric
drivers may be supplied by the converter and the converter
is supplied by the battery. An electric generator is installed
4A12 and a battery charger is installed 4A14 such that it
supplies the battery and is supplied by the generator. The
vehicle has an internal combustion engine coupled to a drive
train for propelling the vehicle, and the retrofitting may
include coupling 4A14 the internal combustion, engine to
the generator for driving the generator to charge the battery.

The vehicle has an air compressor drive gear driven by the
internal combustion engine for supplying air brakes. In an
aspect, removing 4A08 corresponding auxiliary devices that
were mechanically driven by the internal combustion engine
may include removing 4A08A the air compressor driven by
the internal combustion engine air via the compressor drive
gear. For this arrangement, coupling 4A16 the internal
combustion engine to the generator may include coupling
4A16A. the generator to the internal combustion, engine via
a PXU coupled to the air compressor drive gear. Alterna-
tively, coupling 4A16 the internal combustion engine to the
generator may include coupling 4A16B the generator to the
internal combustion engine via a cog belt. Alternatively, the
vehicle may include a manual transmission having a power
takeoff port, and coupling 4A16 the internal combustion
engine to the generator may include coupling 4A16C the
generator to the internal combustion engine via a PXU
coupled to the manual transmission via the power takeoff
port.

According to embodiments of the present invention,
VCM 180 may be configured to shut off ICE 150 for
anti-idling (while keeping parasite loads running via electric
drivers to the extent they may be demanded, such as for
cabin comfort) in response to a combination of vehicle 100
being stationary and clutch pedal 155 being released, which
may be referred to herein as an automatic anti-idling con-
dition. This arrangement provides fuel savings due to shut-
ting off ICE 150 during idling and provides a particularly
effective user interface.

Anti-idling requirements may demand that the ICE is shut
off even for relatively short idling intervals. Conventional
ways of turning off the ICE for short intervals tend to
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introduce operational complexity, which creates difficulties
for human drivers. Therefore, it is advantageous to make
vehicle operation intuitive and unobtrusive. This is not
necessarily easy to address. For example, when shutting off
the ICE responsive to the vehicle being stationary for a
predetermined time, it is difficult to predict the amount of
time each short period of stationary operation might exist.
For instance, the amount of stationary time at an urban
stoplight and a rural stop sign might vary dramatically.
Consequently, when a mere stationary time limit is used to
control shutdown, it is likely that ICE propelled movement
could be initiated only moments after shutoff. Such a sce-
nario introduces a doubly negative outcome, wherein the
ICE operates longer than necessary while the vehicle is
stationary and then shuts off only seconds before it is needed
again to propel the vehicle.

In order to address this problem, embodiments of the
present invention, use both vehicle speed and clutch 153
positions to control shutdown of ICE 150. This is rather
non-intuitive, because in heavy duty vehicles, drivers often
shift without use of the clutch. However, it should be
understood that in order to reach zero mph with the ICE
running, a driver must either hold the clutch pedal 155 down
or else shift into neutral or both, and drivers will tend to shift
into neutral if they expect a longer than momentary stop,
because it is relatively hard to hold the clutch pedal down.
By providing control device 170 configured to use the
combination of vehicle speed and clutch pedal, position to
trigger shut down, this takes advantage of the tendency of
drivers to hold down the clutch pedal only when a short stop
is expected. The result is an immediate shutdown of the
engine once the driver has come to a stop and expects a
longer than momentary wait, as indicated by shifting into
neutral and then releasing the clutch pedal. After detecting
that the vehicle is stationary, shutting down the ICE respon-
sive to clutch position instead of responsive to expiration of
a substantial time interval avoids the undesirable possibility
of the timer shutting down the ICE just as it is again needed
to propel the vehicle. In another embodiment, control device
170 shuts down ICE 150 in response to an additional,
condition, that is, expiration of a short time interval after
releasing clutch pedal 155, such as a predetermined time
interval in the range of 1 to 15 seconds.

Control device 170 may be configured to generate and
store a data record responsive to detecting that vehicle 100
is stationary and expiration of a predetermined time interval
thereafter, where clutch pedal. 155 has not been released.
The record is generated in this condition because the con-
dition indicates the driver may be intentionally overriding
automatic shutdown of ICE 150. Alternatively, control
device 170 sends the data record to a remote data acquisition
system. Vehicle 100 may include an audible alarm device,
which may be heard by the driver in the cabin when
actuated, and control device 170 causes actuation of the
alarm responsive to detecting that vehicle 100 is stationary
and expiration of a predetermined time interval thereafter,
where clutch pedal 155 has not been released.

Once control device 170 has automatically shut down
vehicle 100 responsive to detecting the anti-idling condition,
e.g., the vehicle operator once again depressing clutch pedal
155, the vehicle operator may start vehicle 100 with an
ignition switch in a conventional manner. As long as the
driver does not turn the ignition switch to the off position,
during idling, vehicle control module ISO (also referred to
as “VCM,” “vehicle integration module,” or “VIM”) stays in
the idling mode, i.e., with ICE off. If the ignition key is
turned to off, however, control logic shuts down the vehicle
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and does not stay In the pre-idling mode selection state.
Control device 170 may alternatively be configured to
automatically restart ICE 150 responsive to actuation of a
driver operated pushbutton, a motion of the steering wheel
caused by the driver, such as detected by a sensor coupled
to the steering wheel, or steering linkage for detecting a
jogging or shaking motion of the steering wheel, or by
automatic sensing of engine temperature falling below a
predetermined setpoint

Referring now to FIG. 4B, a flow chart illustrates certain
aspects of retrofitting a vehicle for anti-idling Features. (The
actions shown, do not necessarily have to be performed in
the sequence indicated.) The vehicle has a manual transmis-
sion in the drive train and a clutch in the drive train for
disengaging the internal combustion engine from the manual
transmission responsive to a clutch pedal being depressed.
Retrofitting the vehicle may include configuring 4B02 a
retrofit control device to automatically shut off the internal
combustion engine in response to detecting an idling con-
dition, wherein the idling condition may include a combi-
nation of a first condition In which the vehicle is stationary
and a second condition in which the clinch pedal is released.
Alternatively, the second condition may include the trans-
mission being shifted to neutral Alternatively, the detected
idling condition may include a combination of a first con-
dition in which the vehicle is stationary and a second
condition in which the transmission is shifted to neutral.
Alternatively, the idling condition may include a combina-
tion of a first condition in which the vehicle is stationary, a
second condition in which the clutch pedal is released, and
a third condition in which the transmission is shifted to
neutral.

Alternatively, the combination may include 4B04 another
condition in which a predetermined time interval, has
expired after the first or second condition or the first and
second condition. The retrofit control device may be con-
figured 4B06 to automatically restart the internal combus-
tion engine responsive to detecting the clutch pedal being
depressed or responsive to the transmission being shifted to
neutral.

Alternatively, the retrofit control device may be config-
ured 4B08 to automatically sound an alarm responsive to
detecting a condition in which the vehicle has been station-
ary for a predetermined time interval during which, the
clutch pedal has not been released. The retrofit control
device may be configured 4B10 to automatically generate a
notification responsive to detecting a condition in which the
vehicle has been stationary for a predetermined time interval
during which the clutch pedal been not released.

In addition to recapturing energy by regenerative braking,
control device 170 may load up generator 160 at a pro-
grammed charging rate to recharge battery 165 when ICE
150 is running. Because day-to-day drive times may be
variable, a way of selecting a charging program is provided
that presents an intuitive driver interface, and yet achieves
good fuel economy. VCM 180 may include a small interface
in the vehicle 100 cabin that activates whenever ICE 150 is
turned on or a state of vehicle control device 170 is changed
from cabin comfort: mode to a mode for over the road
operation. Control device 170 may control the programmed
rate responsive to driver selecting a predetermined charge
time via the interface, where the driver selection indicates
the time the driver estimates vehicle 100 will be driven
during the day, e.g., 8 hour cycle, 7 hour cycle, etc. (In an
embodiment, control device 170 has an 8 hour charge time
default which control device 170 automatically selects if
driver does not manually select a charge cycle.) This pro-
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grammed charging may include a fixed base charging rate
and intermittent charging that arises for regenerative brak-
ing. The base charging may be essentially independent of
vehicle 100 speed, engine RPM, and accelerator pedal 155
position. This may include control device 170 varying
excitation of generator 160 to compensate for varying speed
of ICE 150 in order to produce a substantially constant
generator 160 output for the base charging rate. That is,
control device 170 automatically regulates load of generator
160 on internal combustion engine 150 for the base charg-
ing. However, in art embodiment, programmed base charg-
ing is suspended responsive to ICE 150 less than a prede-
termined speed, such as 1200 RPM.

For a selected charge time, control device 170 may
control generator 160 output to produce a base charging rate
of {P+[C-(SxC)[/H}x(1+L), where
P=parasite loads, amperes
C=battery capacity, ampere-hours
S=battery state of charge, per unit (i.e., full charge=1)
L=losses, per unit
H=selected charge time, hours.

For example, if the parasite loads total 30 amperes, the
one hour battery capacity is 100 ampere-hours, the stats of
charge at the beginning of the charge time is 20% (i.e., 0.2
per unit), the losses may be 10% (which is a predetermined,
fixed value in embodiments of the invention), and the
selected charge time is 8 hours, then control device 170
regulates generator 160 output to provide a base charging
rate of {30 amperes+[100 ampere-hours—(0.2x100 ampere-
hours)]/8 hours}x(1+0.1)=(30 amperes+10 amperes)x(1.1)
=44 amperes.

Regenerative braking produces recharging of battery 165
in addition to the programmed base rate. For at least this
reason, control, device 170 senses battery 165 state of charge
at predetermined intervals, determines how much time is
remaining of the selected charge time, and responsively
adjusts the base-charging rate. For example, if control
device 170 checks at 10 minute intervals and in one instance
4 hours are remaining and the state of charge is now 68%,
then control device 170 regulates generator 160 output to
provide a new base charging rate of {30 amperes+[100
ampere-hours—(0.68x100 ampere-hours)]/4 hours}x(1+0.1)
=(30 amperes+8 amperes)x(1.1)=41.8 amperes.

Note that this arrangement is rather counterintuitive. That
is, it would be logical to recharge battery 165 as quickly as
is reasonably possible due to uncertainties about when
battery 165 may be needed. However, embodiments of the
present invention involve recognition that at least in some
circumstances it may be useful to somewhat sacrifice greater
certainty that, would come with recharging more quickly in
order to get greater efficiency by recharging the battery more
slowly. (Recharging more slowly produces less battery 165
temperature rise. Battery 165 impedance-and hence loss-
increases with increasing battery temperature. Therefore,
less energy is needed to recharge more slowly.)

To address the uncertainty issue, control device 570 may
also include a “zero” hour charge cycle for fast charging,
wherein responsive to control device 170 detecting that
vehicle 100 is stationary and fast charge is requested, control
device 170 takes control of engine 150 speed and ramps ICE
150 throttle up to achieve a predetermined ICE rotational
speed and controls generator 160 excitation to generate a
charge rate of at least 100% battery charge capacity per hour.
(A charge rate of 100% battery capacity per hour is often
referred to as a “1C” rate.) In embodiments, for example,
control device 170 ramps ICE 150 up to 1800 rpm for the
zero hour charge cycle and charges at the maximum output
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of generator 160 for this 1800 rpm speed, which is at least
a 1C rate. Battery 165 may charge in less than one hour at
this rate, because the rate may exceed 1C and because
battery 165 may not have been fully discharged.

Control device 370 senses battery 165 state of charge and
automatically .shuts down ICE 150 when battery 165 is fully
charged. It should be appreciated that this “zero” hour
charge cycle may be used by the driver to recharge battery
165 while the driver rests and even sleeps, since the auto-
matic shut down of ICE 150 may occur unattended. Control
device 170 may include a safety interlock, wherein control
device 170 will not increase ICE 150 throttle, i.e., ICE
demand signal above idle unless control device 170 senses
hand brake 155 is engaged. In an alternative, the safety
interlock may include sensing gear box of transmission 154
is in neutral as a precondition for increasing ICE 150 throttle
above idle.

A temperature sensor that measures ambient temperature
outside the vehicle cabin may be provided, along with a data
record stored in a memory of control device 170. The data
record Indicates how much power is required to cool the
cabin for predetermined cabin temperature set points, time
intervals, and outside temperatures. The required power is
expressed as a battery 165 required state of charge. In
addition to receiving input from the driver indicating the
selected time for a rest interval and desired cabin tempera-
ture, control device 170 detects the outside temperature.
Then control device 170 looks up in the stored record a
required battery charge to support cabin comfort for the
selected time and temperature set point at the detected
outside temperature. Then control device 170 controls fast
charging while monitoring battery state of charge, and stops
charging when the battery reaches the required state of
charge determined by the lookup operation. Alternatively, an
algorithm is provided in the memory for calculating the
required power as a function of a cabin temperature set
point, selected time interval, and outside temperature.
According to this alternative, by using the stored algorithm,
a microprocessor of control device 170 determines the
required battery charge to support cabin comfort for the
selected time and temperature set point at the detected
outside temperature.

Control device 170 may be configured to receive a driver
input from a user interface that indicates a sleep mode
operation of cabin air conditioning, i.e., operation during a
driver rest interval (during which the vehicle is stationary
and the driver rests and may even sleep), and to responsively
measure actual rate of power use during the sleep session,
Using this rate, control device 170 computes required bat-
tery 165 power, i.e., power that will be used in the remaining
time of the rest interval. Responsive to determining that
required power exceeds current state of charge of battery
165, control device 170 determines from the historical
record a new cabin temperature set point for the current
outside temperature and remaining time interval that would
require power consumption no greater than the current state
of charge of battery 165 and changes the cabin temperature
set point to the new set point. This may be done based on a
premise that it would be undesirable for the driver to have
to wake up to recharge the battery in order to maintain a
comfortable temperature, and/or on a premise that it is worse
to encounter an extremely uncomfortable temperature for a
short while at the end of the rest interval (due to running out
of battery charge) than to maintain a relatively less uncom-
fortable temperature, but for a somewhat longer time inter-
val.
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Referring now to FIG. 4C, a flow chart illustrates certain
battery recharging related aspects of retrofitting a vehicle for
anti-idling and/or cabin, comfort features. (The actions
shown do not necessarily have to be performed in the
sequence indicated.) Retrofitting the vehicle may include
configuring 4C02 a retrofit control device to automatically
regulate a base charging rate load of the generator (e.g.,
generator 160 in FIG. 1) on the internal combustion engine
to provide a base rate of battery (e.g., battery 165 in FIG. 1)
recharging responsive to user selection of a recharge time.
The vehicle may have an accelerator pedal for driver control
of mechanical output of the internal combustion engine, and
the retrofitting may include configuring 4C04 the retrofit
control device to detect position of the accelerator pedal and
to automatically regulate a regenerative braking output of
the generator responsive to the accelerator pedal position.
Further, the retrofitting may include configuring 4C06 the
retrofit control device to provide the automatically regu-
lated, base generator charging rate load on the internal
combustion engine, wherein the base battery recharging rate
is essentially maintained independent of the accelerator
pedal position. Also, the retrofitting may include eon figur-
ing 4C08 the retrofit control device to automatically regulate
output of the internal combustion, engine and load of the
generator on the internal combustion, engine to provide a
predetermined battery recharge rate responsive to user selec-
tion of fast charge rate and detection of permissive condi-
tions, which may include parking brake set. Alternatively, it
may include a transmission shifted into neutral.

Referring now to FIG. 4D, a flow chart illustrates battery
recharging related aspects of retrofitting a vehicle for cabin
comfort features. (The actions shown do not necessarily
have to be performed in the sequence indicated.) The
retrofitting may include coupling 4102 a temperature sensor
to the retrofit control device, wherein the temperature sensor
measures ambient temperature outside the vehicle cabin. In
4D04, data records may be stored in a memory accessible by
retrofit control device indicating how much cabin comfort
power is required to cool the cabin for predetermined
parameters including cabin temperature set points, rest time
intervals, and outside temperatures, or providing an algo-
rithm in the memory for determining the required cabin
comfort power as a function of the predetermined param-
eters. The retrofit, control device may be configured 4D06 to
receive user inputs indicating user selected time for a rest
interval and cabin temperature set point. The retrofit control
device may also be configured 4D08 to determine, i.e., by
looking up a data record for the given set point, time
remaining, and temperature, or by executing the algorithm
for these givens. It also may be configured 4D10 to control
fast charging and monitor battery state of charge, which may
include the retrofit control device stopping the fast charging
when the battery reaches the required state of charge for the
detected outside temperature and for the received rest time
interval and temperature set point.

Referring now to FIG. 4E, other cabin comfort and battery
recharging aspects of retrofitting are illustrated. This may
include configuring 4E02 the retrofit control device to
measure actual rate of cabin comfort power use during a user
specified rest interval and time remaining for the rest inter-
val, and configuring 4E04 the retrofit control device to
compute first required power that will be used in the
remaining time of the rest interval based on the measured
actual rate of cabin comfort power use. Further, the retrofit
control device may be configured 4E06 to compute whether
the current battery state of charge is sufficient to provide the
computed first required power. The retrofit control device
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may also be configured 4E08 to then reduce power con-
sumption for cabin comfort, responsive to detecting the
existing state of battery charge, comparing it to the com-
puted first required power and determining that current
battery state of charge is not sufficient to provide the
computed first required power.

As in FIG. 4D, the retrofitting shown in FIG. 4E may
include providing 4E10 data records stored in a memory
accessible by retrofit control device indicating how much
cabin comfort power is required to cool the cabin for
predetermined parameters including cabin temperature set
points, rest time intervals, and outside temperatures, or an
algorithm in the .memory for determining the required
cabin, comfort power as a function of the predetermined
parameters. The retrofit control device may be configured
4E12 to determine, i.e., by looking up a data record for the
given set point, time remaining, and temperature or by
executing the algorithm for these givens. A new cabin
temperature set point for the current outside temperature and
remaining time interval, wherein the new set point reduces
power use such that the power that will be used in the
remaining time of the rest interval based on the reduced rate
of power use is no greater than the current state of charge of
the battery. Reducing the power consumption 4E08 may
include the retrofit control device causing the cabin tem-
perature set point to change to the new set point.

As previously stated, control device 170 controls regen-
erative braking generator 160 outputs responsive to accel-
erator pedal 155 positions in at least some circumstances in
embodiments, in an instance, control device 170 produces a
generator 160 regenerative braking demand signal respon-
sive to pedal 155 position, wherein with pedal 155 fully
released, control device 170 produces a 100% regenerative
braking demand signal. Control device 170 decreases the
regenerative braking demand signal responsive to increasing
pedal 155 displacement, up to a predetermined, zero-de-
mand pedal 155 displacement position, such as midway to
the cabin floor, or one quarter of the way to the cabin floor,
to give two examples. Control device 170 generates a 0%
regenerative braking demand signal responsive to pedal 155
displacement at or beyond the predetermined, zero-demand
pedal 155 displacement position.

Control device 170 may control regenerative braking
somewhat differently in cruise control mode. Specifically,
when vehicle 100 cruise controller is in cruise control mode,
control device 170 determines the vehicle 100 speed, cruise
controller mode, cruise control set point, and cruise control-
ler torque demand signal from a controller area network
(“CAN”), which may be an OEM CAN. Generally speaking,
in embodiments of the invention, control device 170 auto-
matically applies regenerative braking selectively (in addi-
tion to programmed base charging of battery 165) by
increasing generator 160 load responsive to decreasing
cruise controller torque demand signal, or vehicle 100 speed
above the cruise control set point, by a predetermined speed,
or both.

In embodiments of the invention, once the regenerative
braking condition is satisfied, i.e., so that regenerative
braking is permitted, control device 170 automatically
increases regeneration torque in a predetermined manner,
which may be at a predetermined rate and may be indepen-
dent of accelerator pedal position. The rate may increase in
small, periodic steps, such as every 2 seconds. Alternatively,
the rate includes a ramp function. Control, device 170 may
automatically increase regeneration torque in proportion to
decreasing cruise controller torque demand signal. Con-
versely, control device 170 may decrease regenerative brak-
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ing responsive to increasing cruise controller torque demand
signal and vehicle speed less than cruise control set point.
That is, the rate may decrease in small, periodic steps, such
as every 2 seconds. Or the rate may be a ramp function.
Control device 170 may decrease regenerative torque so
proportion to increasing cruise controller torque demand
signal.

In the above described embodiments, control device 170
does not increase the regenerative torque demand signal all
the way to the point that the engine cruise controller again
requests acceleration torque from engine 150. Otherwise,
such an overlap may cause ICE 150 and ET motor/generator
160 to “fight” each, other, negatively impacting operation,
driver satisfaction, and fuel economy.

In embodiments of the invention, when regeneration
braking is enabled in cruise control mode (e.g., responsive
to vehicle 100 speed above cruise control set point by a
predetermined speed, etc., as mention above), control device
170 may regulate regenerative braking responsive to accel-
erator pedal position, as in non-cruise control mode.

Deployment of code capable of controlling regenerative
braking, during cruise control operation as described above
allows recapture of vehicle momentum in a manner that, also
permits effective operation of the cruise controller with no
negative impacts to vehicle operation.

In embodiments, it may be problematic if a driver does
not hold the accelerator pedal in its current position at a time
when lie or she turns off cruise control That is, control
device 170 for generator 160 demand is independent of
accelerator pedal position during cruise control mode, in
embodiments as described herein. But, when in non-cruise
control mode, generator control device 170 may demand full
regenerative braking of the generator if the accelerator pedal
is in zero demand position, e.g., fully released. Thus, unless
generator control device 170 is configured with a proper
control override for transition from cruise control mode to
non-cruise control mode, control device 170 may suddenly
produce a full regenerative braking demand if the driver
does not maintain the accelerator pedal at a zero regenera-
tive braking demand position at a time when the driver turns
off cruise control Accordingly, control device 170 may
suspend automatic regenerative braking tor a predetermined
time (such as a time within a range of 1 to 10 seconds) after
turning off cruise control mode. Thereafter, control device
170 may slowly increase its response to the accelerator pedal
(for producing the regenerative braking load signal to gen-
erator 160) at a predetermined rate over a predetermined,
time (such as at a constant rate over a time within the range
of 1 to 10 seconds after turning off cruise control).

Referring now to FIG. 4F, a flow chart illustrates certain
cruise control related aspects of retrofitting a vehicle for
anti-idling and/or cabin comfort features. (The actions
shown do not necessarily have to be performed in the
sequence indicated.) The vehicle may have a cruise control-
ler configured for generating a cruise control torque demand
signal to regulate output of the internal combustion engine
responsive to vehicle speed and a cruise control set point
when in a cruise control mode. Retrofitting, the vehicle may
include 4F02 configuring the retrofit control device such that
the regenerative braking load is responsive to accelerator
pedal position when the cruise controller is not in the cruise
control mode, and 4F04 configuring the retrofit control
device to regulate the regenerative braking load in response
to 1) a decrease in the cruise control torque demand signal,
and ii) a vehicle speed greater than the cruise control set
point when the cruise controller is in the cruise control
mode.
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In another aspect, the retrofitting may include 4F06 con-
figuring the retrofit control device to suspend or at least
reduce its regenerative braking response to the accelerator
pedal position for a first post-cruise control time interval
after the cruise control mode is terminated. In another
aspect, the retrofitting may Include 4F08 configuring the
retrofit control logic to restore the regenerative braking
response to the accelerator pedal position, over a second
post-cruise control, time interval, wherein the restoring is
responsive to expiration of the first post-cruise control time
interval.

There are currently a number of “cabin comfort air-
conditioning systems” on the market, i.e., air-conditioning
systems that operate from a power source, independent of
ICE 150. While some use APUs and others use rechargeable
batteries, all use cumbersome and redundant components to
provide temperature conditioning and air movement through
the cab. In embodiments of the present invention, original
components may be reused, thus improving visual appeal,
reducing space required for the retrofit system, and reducing
the number of components (and thus cost) required.

A high voltage (e.g., 240 V, 3-phase AC) powered air-
conditioning compressor, which is used for cooling both
during driving and while the vehicle is stationary, may be
powered by controller 176 sourced by high voltage batteries
165. Controller 176 turns compressor motor 132 on and off
responsive to a cabin temperature demand signal (from a
thermostat in the cabin), which may be communicated to
controller 176 by the same signal wire that originally
controlled the compressor clutch that turned the original
air-conditioning compressor on and off. When the vehicle is
stationary, such as when the engine is off, controller 176 may
receive either the cabin temperature demand signal or a
temperature demand signal from a thermostat located in the
sleeper compartment of the cab. Meanwhile, rather than
providing redundant components, these embodiments may
provide a converter 172 to supply the original air-condition-
ing, forced air, control, and ventilation components. Thus, a
hybrid cabin comfort system is provided, wherein an origi-
nal compressor and drive arrangement is replaced by a more
efficient arrangement, including electric motor drivers. Well
integrated, original 12 VDC ventilation, control and forced
air systems may be retained and supplied by the same high
voltage battery as the retrofit parasite load drivers. By
supporting many original components via the original 12
VDC system, the user interface and operating modes may
remain the same. Thus, the user does not have to deal with
much change in the operation of cabin comfort systems.

An additional benefit of the 12 VDC converters is that it
maintains the original 12 VDC battery state of charge, and
thereby supplies loads such as radio and parking lights even
during extended stationary idling. This constitutes a further
improvement from other cabin comfort systems currently
available, since they are dependent on occasional starting of
the OEM engine to maintain the 12 VDC battery state of
charge,

In addition to being useful during periods of extended
idling, this system continues operation seamlessly at times
when the engine is shut off for only short, periods of time.
There is no auxiliary power unit or auxiliary air-conditioner
to switch on, as is the case with other cabin comfort systems.
This functionality is useful, because it fends to prevent
unwanted transit idling (short term ICE idling, such as at
stoplights, stop signs, or loading bays). Because many cargo
trucks currently in operation spend a great deal of transit
time at idle, it is useful to shut the ICE off for these short
periods. Embodiments of the fully integrated system
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described herein allow the ICE to be automatically shut off
for short and. intermediate time durations repeatedly without
causing additional driver tasks.

Control of the interface may be achieved in a variety of
ways, according to different embodiments. For instance, the
interface may be connected to a GPS or mapping system
where once a destination and route are established, the drive
time is calculated and thus provided to VCM 180 for setting
of the charging rate and Protocol. To the extent such a
system is utilized, the GPS or mapping system may further
advise the VCM 180 of the expected speeds, number of
stops, or other conditions that may affect desired rate of
charge over the course of the drive.

The interface may also accept other data from a mapping
system, satellite, or driver. Such other information may
include route, distance, expected speeds, expected, drive
time, sections of the drive which may allow only certain
speeds or which may contain more required stops, elevation
of'roads along the route, road or weather conditions that may
affect drive time and/or actual speed. Based upon these
inputs, VCM 180 may adjust battery rate of charge in
advance to improve fuel economy. For instance, a route may
be determined, by, or input to, VCM 180. Then, if VCM 180
determines, such as by access to GPS data and a road
information database, that the route ends with a very long
downhill run (such as from a mountain pass), VCM 180 may
automatically lower the battery charge rate over the initial
portion of the route, thus allowing full use of energy that will
be available from regenerative braking on the downhill
portion, in other words, VCM 180 may greatly increase fuel
efficiency by planned regenerative braking and reduced
recharging load on ICE 150, while still attaining full battery
charge by the end of the route.

In one or more embodiments of the invention, generator
160 may be coupled to ICE 150 in an ICE mode of operation
without a way for the driver to disengage generator 160 from
ICE 150 while driving. In those one or more embodiments,
regenerative braking tends to occur concurrently with ICE
150 contributing to slowing of the vehicle. (One exception
to this is in an embodiment wherein the generator is coupled
to the drive train downstream of 153 clutch, e.g., via a PXU
156 through transmission/PTO port 154, and wherein while
slowing vehicle 100 the driver also manually depresses the
clutch pedal 155 to disengage ICE 150 from the transmis-
sion 154.) If ICE 150 is also slowing vehicle 100 and is
coupled to generator 160, this may tend to reduce the
regenerative braking load on generator 160, which may be
undesirable because less energy is being recaptured and
stored in battery 165. Consequently, control device 170 may
be configured to reduce compression of ICE 150 during
regenerative braking so that generator 160 contributes to
slowing of vehicle 100 much more than does ICE 150.

It is known to use a vehicle’s engine for braking, also
known as “Jake braking,” according to which resistance to
flow of combustion gases through the engine is provided by
various means. According to embodiments of the present
invention, an opposite arrangement is provided wherein,
responsive to VCM 180 receiving an indication that clutch
153 is engaged and -accelerator pedal 155 is fully released,
VCM 180 triggers release of waste gases via engine 150
cylinders or otherwise reduces engine backpressure, such as
by varying engine timing. Such reduction of engine drag
allows more vehicle slowing by the generator 160, which
increases the amount of electrical energy production during
a regenerative braking event. In some embodiments, gen-
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erator 160 size is accordingly increased to provide regen-
erative braking to be equivalent to customary engine 150
braking.

A creep switch may be implemented among operator
devices 155 and provided on the dash in the cabin along with
an associated display. Responsive to control device 170
detecting activation of the creep switch, control device 170
causes the display to present a creep mode indication.
Responsive to control device 170 detecting that the creep
switch is on, that clutch pedal is depressed (which is another
one of operator devices 155), and that a jog switch is
activated (another one of operator devices 155), control
device .170 energizes motor/generator 160 in the motoring
mode, which moves vehicle 100 slowly via manual trans-
mission 154. The jog switch may be located on the gear
shifter (another of operator devices 155).

Referring again, to FIG. 1, devices are shown that, may be
involved in a control algorithm for controlling fan motor
131, for embodiments of the present invention. VCM ISO
may initially respond to ICE 150 temperature exceeding a
predetermined temperature by signaling controller 176 to
turn on fan motor 131 at one quarter speed. Then, if VCM
180 determines that the ICE temperature (as indicated by
one or more of sensors 157) continues to exceed the prede-
termined level for a predetermined time interval, VCM 180
may signal controller 176 to increase fan motor 131 speed to
one half speed. After this, if VCM 180 once again deter-
mines that ICE 150 temperature continues again to exceed
the predetermined level for another instance of the prede-
termined time interval, VCM 180 may once again signal
controller 176 to increase fan motor 131 speed by one
quarter, i.e., to three quarter speed. Then, if VCM 180 once
again determines that ICE 150 temperature continues to
exceed the predetermined level for another instance of the
predetermined time interval, VCM 180 may signal control-
ler 176 to increase fan motor 131 speed by one quarter,
which is to full speed.

In another aspect, a more aggressive control response may
foe provided in a situation wherein VCM 180 detects a more
significant demand. That is, if VCM 180 determines that, the
ICE temperature exceeds a predetermined temperature level
for a predetermined time interval even though vehicle 100
speed is greater than a predetermined speed, VCM 180 may
signal controller 176 to increase fan motor 131 speed by
more than one quarter speed. VCM 180 may signal control-
ler 176 to increase fan motor 131 speed by one half speed.
Alternatively, VCM 180 may signal controller 176 to imme-
diately increase fan motor 131 speed to full speed.

Referring now to FIG. 4G, a flow chart illustrates certain
radiator fan control related aspects of retrofitting a vehicle
for anti-idling and/or cabin comfort features, according to
embodiments of the invention. (The actions shown do not
necessarily have to be performed in the sequence indicated.)
Retrofitting the vehicle may include configuring 4G02 the
retrofit control device to turn on a radiator fan motor at a first
predetermined speed responsive to ICE temperature exceed-
ing a predetermined temperature. The retrofit control device
may be configured 4G04 to increase the radiator tan motor
speed to a second predetermined speed responsive to ICE
temperature continuing to exceed the predetermined tem-
perature for a first predetermined temperature time interval.
The retrofit control device may be configured 4G06 to
increase the radiator fan motor speed to a third predeter-
mined speed responsive to ICE 150 temperature continuing
to exceed the predetermined temperature for a second pre-
determined temperature time interval. The retrofit control
device may be configured 4G08 to operate the radiator fan
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motor at fail, speed responsive to ICE temperature exceed-
ing a predetermined temperature and vehicle speed exceed-
ing a predetermined speed.

There are auxiliary power units on the market that attempt
to address the overnight idling problem, but they do not
address transit idling, partly because they are not integrated
into the OEM components, (“Transit idling” refers to vehicle
stopping with the engine running during transit, such as at
stop signs and traffic lights, in stop and go traffic, and for
delivery stops. “Anti-idling” refers to elimination of the
vehicle engine running while the vehicle is stopped.) Also,
there may be anti-idling strategies, both aftermarket and
OEM, that simply shut off the engine after the truck sits
stationary for a substantial time, but that do not address
cabin comfort, since they do not electrify the air-condition-
ing system and do not have energy storage capacity to do so.
Embodiments of the present invention address a number of
problems, including transit idling, overnight idling, cabin
comfort, and fuel economy, based on research of vehicles in
specific applications, driver behavior, historical, drive
cycles, and how the technology applied herein may be
compatible with those vehicles, drivers and drive cycles, and
may provide fuel savings in the context of those drive
cycles.

FIGS. 6A-6E following illustrate aspects of operating a
vehicle, such as vehicle 100 of FIG. 1, according to embodi-
ments of the invention. Referring now to FIG. 6A, a flow
chart illustrates, for embodiments of the invention, certain
aspects of controlling a vehicle 100 (FIG. 1) having a clutch
in the drive train for disengaging the internal combustion
engine from the manual transmission via a clutch, such as by
a clutch pedal being depressed. The vehicle operates 6A04
auxiliary devices energized by a battery, including an air-
conditioning coolant compressor and a fan for an engine-
cooling radiator, according to embodiments of the present
invention. The retrofit control device receives 6 A06 a clutch
pedal position sensor signal and a vehicle speed sensor
signal. The retrofit control device automatically shuts off
6A10 the internal combustion engine in response to detect-
ing an idling condition, including detecting a first condition,
in which the control device receives a signal from the
vehicle speed sensor indicating the vehicle is in a stationary
state, and a second condition, in which the control device
receives a signal from the clutch pedal position, sensor
indicating the clutch pedal is in a released stats. The retrofit
control device may restart 6B12 the infernal combustion
engine responsive to receiving a signal from a clutch pedal
position sensor indicating the clutch pedal is depressed. In
embodiments, the restarting may be in response to fully
depressed clutch pedal In others, the restarting may be in
response to a partly depressed clutch pedal.

Referring now to FIG. 6B, a flow chart illustrates certain
aspects of vehicle 100 operation, according to embodiments
of the invention. The vehicle has a manual transmission in
the drive train and a clutch in the drive train for disengaging
the internal combustion engine from the manual transmis-
sion responsive to a clutch pedal being depressed The retrofit
control device automatically shuts off 6B04 the internal
combustion engine in response to detecting an idling con-
dition, including detecting a first condition, in which the
control device receives a signal from the vehicle speed
sensor indicating the vehicle is in a stationary state, a second
condition, in which the control device receives a signal from
the clutch pedal position sensor indicating the clutch pedal
is in a released state, and a third condition in which a
predetermined time internal has expired after the first or
second condition. The retrofit control device may restart
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6B06 the internal combustion engine responsive to receiving
a signal from a clutch pedal position sensor indicating the
clutch pedal is depressed. In embodiments, the restarting
may be in response to fully depressed clutch pedal. In others,
the restarting may be in response to a partly depressed clutch
pedal.

Alternatively, the retrofit control device activates 6B08 an
alarm responsive to the control device detecting a condition
in which the vehicle has been in a stationary state for a
predetermined time interval and the clutch pedal has not
been released during the predetermined time interval. The
retrofit control device may generate 6B10 a notification to
the driver responsive to the control device detecting a
condition in which the vehicle has been in a stationary state
for a predetermined time interval and the clutch pedal has
not been released during the predetermined time interval.

Referring now to FIG. 6C, a flow chart illustrates certain
battery recharging related aspects of vehicle 100, according
to embodiments of the invention. The retrofit control device
regulates 6C02 a base load of the generator to provide a base
rate of battery recharging responsive to a predetermined
recharge time, which may be user selected or a predeter-
mined default time. The vehicle has an accelerator pedal for
driver control of mechanical output of the internal combus-
tion engine, and the retrofit control device detects 6C04 a
signal from position sensor of the accelerator pedal, which
indicates a physical position of the accelerator pedal, and
regulates a regenerative braking output of the generator by
the control device responsive to the accelerator pedal posi-
tion signal. Further, the retrofit control device may regulate
6C02 the base load of the generator on the internal com-
bustion engine independently of the accelerator pedal posi-
tion.

The vehicle has a parking brake operable by the driver.
The retrofit control device may regulate 6C08 mechanical
output, of the infernal combustion engine (and load of the
generator) with the vehicle stationary to provide battery
recharging responsive to a predetermined recharge time,
which may be user selected. The stationary charging may be
conditioned upon the control device detecting that the
vehicle is stationary or a signal from the position, sensor of
the parking brake, which indicates a physical position, of the
parking brake, i.e., parking brake on. The control device
monitors stops the charging upon completion, which may be
in response to battery charge or expiration of predetermined
recharge time.

Referring now to FIG. 6D, a flow chart illustrates farther
battery recharging related aspects of vehicle 100, according
to embodiments of the invention. The retrofit control device
receives 6D02 temperature sensor signals indicating ambi-
ent temperature outside a cabin of the vehicle and the
temperature inside the vehicle. In 6D04, the retrofit control
device receives user inputs indicating user selected time for
a rest interval and cabin temperature set point. The retrofit
control device may access 6D06 a stored record indicating
how much power is required to heat or cool the cabin for
predetermined parameters including cabin temperature set
point, rest time interval, and outside and inside tempera-
tures, or may access a stored algorithm for calculating the
required power as a function of the above mentioned param-
eters. The retrofit control device determines 6D08 (by read-
ing the record or executing the algorithm) a required battery
state of charge for the detected temperatures and for the
received rest time interval and temperature set point, in an
alternative, a variation of the algorithm or record may be
used to determine the required battery charge without ref-
erence to a measured cabin temperature. The algorithm or
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record may provide the resultant required charge without the
measured cabin temperature or outside temperature by
including an assumed predetermined difference in outside
temperature and cabin temperature. In either alternative, at
least one measured temperature is used. The retrofit control
device controls 6D10 charging of the battery, including
stopping the charging when the battery reaches the required
state of charge for the detected at least one temperature and
for the received rest time interval and temperature set point.

Referring now to FIG. 6E, other aspects of battery charge
management are illustrated for vehicle 100, according to
embodiments of the invention. This may include providing
data records stored in a memory accessible by the retrofit
control device indicating how much cabin comfort power is
required to cool the cabin for predetermined parameters
including cabin temperature set point, rest time interval, and
outside temperature, or providing an algorithm, in the
memory for determining the required power as a function of
the predetermined parameters. The retrofit control device
measures 6502 an actual rate of power use during a user
specified rest interval and determines time remaining for the
rest interval. The retrofit control device computes 6E04
required power that will be used in the remaining time of the
rest interval based on the measured actual rate of power use
and determines whether the current battery state of charge is
sufficient to provide the computed first required power. The
control device receives a signal indicating actual battery
power remaining and compares the required power to actual
power at 6E07 and branches to 6E08 if not sufficient, or
6E10 if sufficient. The retrofit control device reduces 6E08
power consumption responsive to determining 6E07 that
current battery state of charge is not sufficient to provide the
computed required power. Otherwise, at 6E10, the control
device determines if the rest internal has ended, such as in
response to expiration of a timer or due to receiving a user
input indicating early termination. If not, control branches
back to 6E02. Otherwise, the rest cycle battery management
algorithm of FIG. 6E ends.

In an alternative also shown in FIG. 6E, operation may
include accessing 6E12 data records or an algorithm stored
in a memory accessible to the retrofit control device to
determine from the data records or the algorithm the
required power as a function of the predetermined param-
eters. Then the control device computes 6514 whether the
current battery state of charge is sufficient to provide the
computed required power. The control device receives a
signal indicating actual battery power remaining and com-
pares the required power to actual power at 6E16 and
branches to 6E18 if not sufficient or 6E22 if sufficient. The
control device determines 6E18 a new cabin temperature set
point for the current temperatures remaining time interval
and battery charge. The new set point reduces power use
such that the power that will be used in the remaining time
of the rest interval based on the reduced rate of power use
is no greater than the current state of charge of the battery.
At 6E20 the control device causes the cabin temperature set
point to change to the new set point.

Referring now to FIG. 6F, a How chart illustrates certain
cruise control related aspects of vehicle 100 operation,
according to embodiments of the invention. The vehicle may
have a cruise controller configured for generating a cruise
control torque demand signal to regulate output of the
internal combustion engine responsive to vehicle speed and
a cruise control set point when in a cruise control mode. The
vehicle may include the retrofit control device determining
6F01 whether the cruise controller is in cruise control mode
such as via communication with engine control module. The
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control device regulates 6F02 the regenerative braking load
responsive to accelerator pedal position when the cruise
controller is not in the cruise control mode. The retrofit
control device disables 604 the regenerative braking load
when the cruise controller is in the cruise control mode,
unless vehicle speed exceeds the cruise control set point by
more than a predetermined speed.

The retrofit control device determines 6F05 whether
cruise control mode has been terminated and if not termi-
nated continues at 6F04. Otherwise it reduces 6F06 the
regenerative braking response to the accelerator pedal posi-
tion for a first post-cruise control time interval after the
cruise control mode is terminated. Then upon expiration first
post-cruise control time interval, the retrofit control device
restores 6F08 the regenerative braking response to the
accelerator pedal position over a second post-cruise control
time interval and then returns to 6F01, wherein the restoring
is responsive to expiration of the first post-cruise control
time interval.

Referring now to FIG. 6G, a flow chart illustrates certain
radiator fan control related aspects of vehicle 100, according
to embodiments of the invention. The vehicle may include
6G02 the retrofit control device energizing 6(GG02 a motor,
i.e., operating the motor, for the radiator fan at a first speed,
which may be a predetermined speed, responsive to the
control device receiving a signal indicating an internal
combustion engine temperature exceeds a predetermined
temperature, which may be an engine coolant temperature.
The retrofit control device may increase 6GG04 the radiator
fan motor speed to a second speed, which may be a
predetermined speed, responsive to the ICE temperature
continuing to exceed the first temperature for a first prede-
termined temperature time interval. The retrofit control
device may increase 6G06 the radiator fan motor speed to a
third speed, which may be a predetermined speed, respon-
sive to ICE 150 temperature exceeding a predetermined
temperature, e.g., the first or second temperature for a
second predetermined time interval. The retrofit control
device may operate 6(G08 the radiator fan motor at full speed
responsive to the ICE temperature exceeding a predeter-
mined temperature and vehicle speed exceeding a predeter-
mined speed. The full speed response may be immediate or
after a predetermined time.

In embodiments of the invention, when regenerative
braking in cruise control mode is evoked, the control device
regulates regenerative braking generator load responsive to
accelerator pedal position, as in non-cruise control mode, in
other embodiments, the control device regulates regenera-
tive braking in response to vehicle speed or cruise controller
torque demand signal, or both, such as described herein
above prior to and including the description of FIG. 4F.

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method,
and/or program product. Accordingly, aspects of the present
invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc), or embodi-
ments combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module,” or
“system.” Furthermore, aspects of the present invention may
take the form of a program product embodied in one or more
computer readable storage medium(s) having computer
readable program code embodied thereon. (However, any
combination of one or more computer readable medium(s)
may be utilized. The computer readable medium may be a
computer readable signal medium or a computer readable
storage medium.)

10

15

20

25

30

35

40

45

50

55

60

65

24

A computer readable storage medium may be, for
example, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, biologic, atomic, or semiconduc-
tor system, apparatus, controller, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium may include the following: an electrical connection
having one or more wires, a portable computer diskette, a
hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, controller, or device. Program, code embodied on
a computer readable signal medium may be transmitted
using any appropriate medium, including but not limited to
wireless, wire line, optical fiber cable, RF, etc., or any
suitable combination of the foregoing.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof A
computer readable signal medium may be any computer
readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an instruction
execution system, apparatus, controller, or device.

The flowcharts and block diagrams in the figures illustrate
architecture, functionality, and operation of possible imple-
mentations of systems, methods and program products
according to various embodiments of the present invention.
In this regard, each block in the flowcharts or block dia-
grams may represent a module, segment, or portion of code,
which comprises one or more executable program instruc-
tions for implementing the specified logical function(s). It
should also be noted that, in some implementations, the
functions noted in the blocks may occur out of the order
noted in the figures. For example, two blocks shown in
succession may, in feet, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved.

Modules implemented in software for execution by vari-
ous types of processors may, for instance, comprise one or
more physical or logical blocks of computer instructions
which may, for instance, be organized as an object, proce-
dure, or function. Nevertheless, the executables of an iden-
tified module need not be physically located together, but
may comprise disparate instructions stored in different loca-
tions which, when joined logically together, comprise the
module and achieve the stated purpose for the module.
Indeed, a module of executable code may be a single
instruction, or many instructions, and may even be distrib-
uted over several different code segments, among different
programs, and across several memory devices. Similarly,
operational data may be identified and illustrated herein
within modules, and may be embodied in any suitable form
and organized within any suitable type of data structure. The
operational data may be collected as a single data set, or may
be distributed over different locations including over differ-
ent storage devices. The data may provide electronic signals
on a system or network.
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These program instructions may be provided to a proces-
sor and/or controller of a general purpose computer, special
purpose computer, or other programmable data processing
apparatus (e.g., controller) to produce a machine, such that
the instructions, which execute via the processor of the
computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks.

It will also be noted that each block of the block diagrams,
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts, or combinations
of special purpose hardware and computer instructions. For
example, a module may be implemented as a hardware
circuit comprising custom VLSI circuits or gate arrays,
off-the-shelf semiconductors such as logic chips, transistors,
controllers, or other discrete components. A module may
also be implemented in programmable hardware devices
such as field programmable gate arrays, programmable array
logic, programmable logic devices or the like.

Computer program code, i.e., instructions, for carrying
out operations for aspects of the present invention may be
written in. any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone
software package, partly on the user’s computer and partly
on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider).

These program instructions may also be stored in a
computer readable storage medium that can direct a com-
puter, other programmable data processing apparatus, con-
troller, or other devices to function in a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including instruc-
tions which implement the function/act specified In the
flowchart and/or block diagram block or blocks.

The program instructions may also be loaded onto a
computer, other programmable data processing apparatus,
controller, or other devices to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other devices to produce a computer imple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide
processes for implementing the functions/acts specified in
the flowchart and/or block diagram block or blocks.

One or more databases may be included in a host, for
storing and providing access to data for the various imple-
mentations. One skilled in the art will also appreciate that,
for security reasons, any databases, systems, or components
of the present invention may include any combination of
databases or components at a single location or at multiple
locations, wherein each database or system may include any
of'various suitable security features, such as firewalls, access
codes, encryption, de-encryption and the like. The database
may be any type of database, such as relational, hierarchical,
object-oriented, and/or the like. Common database products
that may be used to implement the databases include DB2 by
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IBM, my of the database products available from Oracle
Corporation, Microsoft Access by Microsoft Corporation, or
any other database product. The database may be organized
in any suitable manner, including as data tables or lookup
tables.

Association of certain data may be accomplished through
any data, association technique known and practiced in the
art. For example, the association may be accomplished
either manually or automatically. Automatic association
techniques may include, for example, a database search, a
database merge, GREP, AGREP, SQL, and/or the like. The
association step may be accomplished by a database merge
function, for example, using a key field in each of the
manufacturer and retailer data tables. A key field partitions
the database according to the high-level class of objects
defined by the key field. For example, a certain class may be
designated as a key field in both the first data table and the
second data table, and the two data tables may then be
merged on the basis of the class data in the key field. In these
embodiments, the data corresponding to the key field in each
of the merged data tables is preferably the same. However,
data tables having similar, though not identical, data in the
key fields may also be merged by using AGREP, for
example.

Reference is made herein to “configuring” the retrofit
control device, it should be understood that this may include
selecting predefined logic blocks and logically associating
them, such that, they provide particular logic functions,
which includes monitoring or control functions. It may also
include programming computer software-based logic of
retrofit control device, wiring discrete hardware compo-
nents, or a combination of any or all of the foregoing.

Reference throughout this specification to “one embodi-
ment,” “embodiments,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the embodiments is included in at least one
embodiment of the present invention. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,”
“embodiments,” and similar language throughout this speci-
fication may, but do not necessarily, all refer to the same
embodiment. Furthermore, the described features, struc-
tures, aspects, and/or characteristics of the invention may be
combined in any suitable manner in one or more embodi-
ments. Correspondingly, even if features may be initially
claimed as acting in certain combinations, one or more
features from a claimed combination, can in some cases be
excised from the combination, and the claimed combination
can be directed to a sub-combination or variation of a
sub-combination.

In the descriptions herein, numerous specific details are
provided, such, as examples of programming, software
modules, user selections, network transactions, database
queries, database structures, hardware modules, hardware
circuits, hardware chips, controllers, etc., to provide a thor-
ough understanding of embodiments of the invention. One
skilled in the relevant art will recognize, however, that the
invention may be practiced without one or more of the
specific details, or with other methods, components, mate-
rials, and so forth, In other instances, well-known structures,
materials, or operations may be not shown or described in
detail to avoid obscuring aspects of the invention.

With reference now to FIG. 7, a block diagram illustrating
a computer system is depicted in which aspects of embodi-
ments of the invention may be implemented. Computer
system 700 may employ a peripheral component intercon-
nect (PCI) local bus architecture. Although the depicted
example employs a PCI bus, other bus architectures such as
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Accelerated Graphics Port (AGP) and Industry Standard
Architecture (ISA) may be used, among others. Processor
715, volatile memory 720, and non-volatile memory 735
may be connected to PCI local bus 705 through PCI Bridge
(not shown). The PCI Bridge also may include an integrated
memory controller and cache memory for processor 715,
Additional connections to PCI local bus 705 may be made
through direct component interconnection or through add-in
boards. In the depicted example, a network (LAN) adapter
725, small computer system interface (SCSI) host bus
adapter (not shown), and expansion bus interface (not
shown) may be connected to PCI local bus 705 by direct
component connection. In contrast, audio adapter (not
shown), graphics adapter (not shown), and audio display
adapter 714 maybe connected to PCI local bus 705 by add-in
boards inserted into expansion slots.

Expansion bus interface (not shown) provides a connec-
tion for a keyboard and mouse adapter 730, modem (not
shown), and additional memory (not shown), SCSI host, bus
adapter (not, shown) provides a connection for a hard disk
drive, tape drive, and CD-ROM drive. Typical PCI local bus
implementations will support three or four PCI expansion
slots or add-in connectors.

An operating system may be run on processor 715 and
used to coordinate and provide control of various compo-
nents within computer system 700 in FIG. 7 the operating
system may be a commercially available operating system.
An object oriented programming system such as Java may
run in conjunction with the operating system and provide
calls to the operating system from Java programs or pro-
grams executing on system 700. Instructions for the oper-
ating system, the object-oriented operating system, and
programs may be located on non-volatile memory 735
storage devices, such as a hard disk drive, and may be loaded
info volatile memory 720 for execution by processor 715.

Those of ordinary skill in the art will appreciate that the
hardware in FIG. 7 may vary depending on the implemen-
tation. Other internal hardware or peripheral devices, such as
flash ROM (or equivalent nonvolatile memory) or optical
disk drives and the like, may be used in addition to or in
place of the hardware depicted in FIG. 7. Also, the processes
of the present invention may be applied to a multiprocessor
computer system.

As another example, computer system 700 may be a
stand-alone system configured to be bootable without rely-
ing on some type of network communication interface,
whether or not computer system 700 includes some type of
network communication interface. As a further example,
computer system 700 may be an embedded controller,
which, is configured with ROM and/or Hash ROM provid-
ing non-volatile memory storing operating system files or
user-generated data.

The depicted example in FIG. 7 and above-described
examples are not meant to imply architectural limitations.
Further, a computer program form of the present invention
may reside on any computer readable storage medium (i.e.,
floppy disk, compact disk, hard disk, tape, ROM, RAM, etc.)
used by a computer system. (The terms “computer,” “sys-
tem,” and “computer system” may be used interchangeably
herein.)

Benefits, advantages and solutions to problems have been
described above with regard to specific embodiments. How-
ever, the benefits, advantages, solutions to problems, and
any elements) that, may cause any benefit, advantage, or
solution to occur or become more pronounced may be not to
be construed as critical, required, or essential features or
elements of any or all the claims.
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Those skilled in the art having read this disclosure will
recognize that changes and modifications may be made to
the embodiments without departing from the scope of the
present invention, it should be appreciated that the particular
implementations shown and described herein may be illus-
trative of the invention and its best mode and may be not
intended to otherwise limit the scope of the present inven-
tion in any way. Other variations may be within the scope of
the following claims.

While this specification contains many specifics, these
should not be construed as limitations on the scope of the
invention or of what can be claimed, but rather as descrip-
tions of features specific to particular

implementations of the invention. Headings herein may
be not intended to limit the invention, embodiments of the
invention or other matter disclosed under the headings.

As used herein, the terms “comprises;” “comprising,” or
any other variation thereof, may be intended to cover a
non-exclusive inclusion, such that, a process, method,
article, or apparatus that comprises a list of elements does
not include only those elements but may include other
elements not expressly listed or inherent to such process,
method, article, or apparatus. Further, no element described
herein is required for the practice of the invention unless
expressly described as essential or critical.

Herein, the term “or” may be intended to be inclusive,
wherein “A or B” includes A or B and also includes both A
and B.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise,
it will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, which
may include the claims herein below, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the
claims below may be intended to include any structure,
material, or act for performing the function in combination
with other claimed elements as specifically claimed.

The description of the present invention has been pre-
sented for purposes of illustration and description, but is not
intended to be exhaustive or limited to the invention in the
form disclosed. Many modifications and variations will foe
apparent to those of ordinary skill in the art without depart-
ing from the scope and spirit of the invention. The embodi-
ment was chosen and described in order to best explain the
principles of the invention and the practical application, and
to enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifica-
tions as may be suited to the particular use contemplated.

What is claimed is:

1. A method of retrofitting a vehicle having a drive train
and an internal combustion engine coupled to a manual
transmission of the drive train suitable for propelling the
vehicle, and the vehicle having a radiator suitable for
cooling the internal combustion engine, the method com-
prising: installing a battery; installing auxiliary devices
suitable for operating auxiliary systems of the vehicle, the
auxiliary devices including an air-conditioning coolant com-
pressor and a fan for the radiator; installing electric drivers
for the auxiliary devices, wherein the electric drivers are
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configured for being energized by the battery; installing an
electric generator; installing a battery charger wherein the
battery is suitable for being energized by the generator via
the battery charger; and coupling the electric generator to the
internal combustion engine via an external connection of the
internal combustion engine or to the manual transmission
via an external connection of the manual transmission
suitable for driving the generator; wherein the vehicle has a
clutch in the drive train configured for disengaging the
internal combustion engine from the manual transmission
responsive to a clutch pedal being depressed, the method
further comprising: connecting a control device suitable to
receive a clutch pedal position sensor signal and a vehicle
speed sensor signal; and configuring the control device to
automatically shut off the internal combustion engine in
response to detecting an idling condition, wherein the idling
condition includes a first condition wherein the control
device receives a signal from the vehicle speed sensor
indicating the vehicle is in a stationary state and a second
condition wherein the control device receives a signal from
the clutch pedal position sensor indicating the clutch pedal
is in a released state; further comprising configuring the
control device to automatically generate a notification to a
driver responsive to detecting a condition wherein the
vehicle has been in a stationary state for a predetermined
time interval and wherein the clutch pedal been has not been
released during the predetermined time interval.

2. The method as recited in claim 1, wherein the coupling
of the electric generator to the manual transmission via an
external connection is via a power takeoff port of the manual
transmission.

3. The method as recited in claim 1, wherein the coupling
of the electric generator to the internal combustion engine
via an external connection is via a cog belt.

4. The method as recited in claim 1, wherein installing the
auxiliary devices includes installing an air compressor for
vehicle brakes and wherein installing the electric drivers for
the auxiliary devices includes installing an electric driver for
the air compressor, wherein the vehicle has an air compres-
sor drive gear coupled to the internal combustion engine,
wherein the coupling of the electric generator to the internal
combustion engine via an external connection is via the air
compressor drive gear, and wherein the internal combustion
engine drives the electric generator via the air compressor
drive gear instead of driving the air compressor.

5. The method as recited in claim 1, further comprising
installing at least one electric converter configured for being
energized by the battery, wherein the electric drivers are
configured for being energized by the battery via the at least
one electric converter.

6. The method as recited in claim 1, further comprising
removing mechanical drive connections from the internal
combustion engine to an OEM air conditioning coolant
compressor and an OEM engine-cooling radiator fan.

7. The method as recited in claim 1, wherein the idling
condition detected by the control device further includes a
third condition wherein a predetermined time interval has
expired after the first or second condition.

8. The method as recited in claim 1, further comprising
configuring the control device to automatically restart the
internal combustion engine responsive to receiving a signal
from a clutch pedal position sensor indicating the clutch
pedal is depressed.

9. The method as recited in claim 1, further comprising
configuring the control device to automatically activate an
alarm responsive to detecting a condition wherein the
vehicle has been in a stationary state for a predetermined
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time interval and wherein the clutch pedal has not been
released during the predetermined time interval.

10. The method as recited in claim 1, further comprising
configuring a control device to regulate a base load of the
electric generator to provide a base rate of battery recharging
responsive to a user selected recharge time interval.

11. The method as recited in claim 1, wherein the vehicle
has an accelerator pedal configured for driver control of
mechanical output of the internal combustion engine, the
method further comprising configuring a control device to
regulate a regenerative braking output of the electric gen-
erator responsive to a signal from an accelerator pedal
position sensor indicating a physical position of the accel-
erator pedal.

12. The method as recited in claim 1, wherein the vehicle
has an accelerator pedal configured for driver control of
mechanical output of the internal combustion engine, the
method further comprising:

configuring a control device to regulate a base load of the

electric generator to provide a base rate of battery
recharging responsive to a predetermined recharge time
interval,
configuring the control device to regulate a regenerative
braking output of the electric generator responsive to a
signal from an accelerator pedal position sensor indi-
cating a physical position of the accelerator pedal; and

configuring the control device to regulate the base load of
the electric generator, wherein the base rate of battery
recharging is maintained essentially independent of the
accelerator pedal position.

13. The method as recited in claim 1, further comprising
configuring a control device to regulate the electric genera-
tor to provide a predetermined battery recharging rate
responsive to a user selected charge rate and responsive to
detection of permissive conditions.

14. The method as recited in claim 11, wherein the vehicle
has a cruise controller configured for generating a cruise
control torque demand signal when in a cruise control mode
to regulate output of the internal combustion engine respon-
sive to vehicle speed and a cruise control set point, the
method further comprising:

configuring the control device such that the regenerative

braking output is responsive to accelerator pedal posi-
tion when the cruise controller is not in the cruise
control mode; and

configuring the control device to, when the cruise con-

troller is in the cruise control mode, regulate the
regenerative braking load in response to 1) a decrease in
the cruise control torque demand signal and ii) a
vehicle speed greater than the cruise control set point.

15. The method as recited in claim 14, further comprising
configuring the control device to provide a reduced regen-
erative braking response to the accelerator pedal position for
a first post-cruise control time interval after the cruise
control mode is terminated.

16. The method as recited in claim 15, further comprising
configuring the control logic to, in response to expiration of
the first post-cruise control time interval, restore the regen-
erative braking response to the accelerator pedal position
over a second post-cruise control time interval.

17. The method as recited in claim 1, further comprising
configuring a control device to energize a motor for the
radiator fan at a first predetermined speed responsive to
internal combustion engine temperature exceeding a prede-
termined temperature.

18. The method as recited in claim 17, further comprising
configuring the control device to increase a motor speed for
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the radiator fan to a second predetermined speed responsive
to the internal combustion engine temperature continuing to
exceed the predetermined temperature for a first predeter-
mined temperature time interval.
19. The method as recited in claim 18, further comprising
configuring the control device to operate the motor for the
radiator fan at full speed responsive to the internal combus-
tion engine temperature exceeding the predetermined tem-
perature and vehicle speed exceeding a predetermined
speed.
20. The method as recited in claim 1, further comprising:
coupling a temperature sensor to a control device,
wherein the temperature sensor is suitable to measure
ambient temperature outside a cabin of the vehicle;

providing 1) records stored in a memory accessible by the
control device, the records indicating how much power
is required to heat or cool the cabin for predetermined
parameters including cabin temperature set point, rest
time interval, and outside temperature, or ii) an algo-
rithm stored in the memory for calculating the required
power as a function of the predetermined parameters;

configuring the control device to receive user inputs
indicating a user selected time for a rest interval and
cabin temperature set point; and

configuring the control device to control charging of the

battery, wherein the control device stops the charging
when the battery reaches a required battery state of
charge for a detected outside ambient temperature and
the received rest time interval and temperature set
point.

21. The method as recited in claim 1, further comprising:

providing 1) records stored in a memory accessible by a

control device indicating how much cabin comfort
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power is required to cool a cabin of the vehicle for
predetermined parameters including cabin temperature
set point, rest time interval, and outside temperature, or
ii) providing an algorithm in the memory for calculat-
ing the required power as a function of the predeter-
mined parameters;

configuring the control device to measure an actual rate of

power use during a user specified rest interval and time
remaining for the rest interval;

configuring the control device to determine first required

power that will be used in the time remaining for the
rest interval based on the measured actual rate of power
use;

configuring the control device to determine whether a

current battery state of charge is sufficient to provide
the determined first required power; and

configuring the control device to reduce power consump-

tion responsive to determining that the current battery
state of charge is not sufficient to provide the deter-
mined first required power.

22. The method as recited in claim 21, further comprising
configuring the control device to determine from the records
or the algorithm a new cabin temperature set point for a
current outside ambient temperature and time remaining for
the rest interval, wherein the new cabin temperature set point
reduces power use such that the power that will be used in
the time remaining for the rest interval based on a reduced
rate of power use that is no greater than the current battery
state of charge, wherein reducing the power use includes the
control device causing the cabin temperature set point to
change to the new cabin temperature set point.
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